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(57) Abstract 

This invention is a balloon catheter (40), and method of use for Inflating the balloon (14) more effectively, particularly 
during stent deployment The balloon catheter (40) includes a catheter shaft (42), and a balloon (14), wherein the proximal end 
of the balloon (14) is connected to the distal end of the shaft (42). A tip is disposed in the interior of the balloon, with the 
proximal end of the tip extending from the distal end of the catheter shaft, and the distal end of the tip connected to the 
distal end of the balloon. The tip includes a fluid path to facilitate the passage of inflation fluid from the inflation lumen to 
the interior of the balloon, and the tip may further include a guide wire lumen extending therethrough. The fluid path may be 
configured to inflate the balloon uniformly or to initially inflate the distal end of the balloon. The fluid path may be defined 
by channels in the tip, grooves in the tip, or by utilizing a tip having a non-circular profile. 

(57) Abr6g6 

L'invention concerne une sonde a ballonnet (40) et un precede d'utilisation permettant de gonfler le ballonnet (14) plus 
efficacement, particulierement durant la mise en place d'un extenseur. La sonde (40) comprend un corps de catheter (42) et un 
ballonnet (14), I'extremite proximale du ballonnet (14) etant reliee a I'extremite distale du corps de catheter (42). Un bout est 
plac6 ^ rinterieur du ballonnet, I'extremite proximale de ce bout s'etendant depuis I'extremite distale du corps de catheter et 
son extremite distale etant reliee a I'extremite distale du ballonnet. Le bout comprend un trajet de fluide facilltant le passage 
du fluide de gonflage depuis la lumiere de gonflage a I'interieur du ballonnet. Dans le bout peut aussi s'etendre une lumiere de 
fil-guide. Le trajet de fluide peut etre congu pour assurer le gonflage du ballonnet de maniere uniforme ou pour assurer le 
gonflage initial de Fextremite distale du ballonnet. Le trajet de fluide peut etre defini par un ou plusieurs canaux dans 
I'extremite, une ou plusieurs ralnures dans ladite extremite, ou par une extremity i profll non circulaire. 
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(57) Abstract 

This invention is a balloon catheter (40), and method of use for inflating the balloon (14) more effectively, particularly during stent 
deploymenL The balloon catheter (40) includes a catheter shaft (42), and a balloon (14), wherein the proximal end of the balloon (14) is 
connected to the distal end of tlic shaft (42). A tip is disposed in the interior of the balloon, with the proximal end of the tip extending from 
the distal end of the catheter shaft, and the distal end of the tip connected to the distal end of the balloon. The dp includes a fluid path to 
facilitate the passage of inflation fluid from the inflation lumen to the interior of the balloon, and the tip may further include a guide wire 
lumen extending therethrough. The fluid path may be configured to inflate the balloon uniformly or to initially inflate the distal end of the 
balloon. The fluid path may be defined by channels in the tip, grooves in the tip. or by utilizing a tip having a non-cixcular profile. 
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WO 00/51674 PCT/US00/0S732 

BALLOON CATHETER HAVING HIGH FLOW TIP 

Cross References to Provisional Application 
This application claims priority to U.S. Provisional Patent Application Serial 
No. 60.122,999, filed March 5, 1999, entitled "HIGH FLOW TIP". 
5 Field of the Invention 

The present invention generally relates to intravascular balloon catheters. The 
present invention is particularly suited, but not limited, for application to intravascular 
^5 stent delivery catheters. 

Background of the Invention 
10 Angioplasty procedures have gained wide acceptance in recent years as an 

effective and safe method for treating various types of vascular disease, particularly 
vascular restrictions or stenoses that inhibh the flow of blood through arterial 
vasculature. Angioplasty procedures may be performed in virtually any part of the 
vascular system including the peripheral vasculature, coronary vasculature, and 
25 15 cerebral vasculature. The most common form of angioplasty utilizes a dilatation 

catheter that includes an inflatable balloon at its distal end. The catheter is 
percutaneously inserted into the patient's vascular system and is navigated through 
the vasculature to the treatment site. Typically, the treating physician utilizes an x-ray 
fluoroscope to guide the dilatation catheter through the vasculature and position the 
20 inflatable balloon across the restriction. Once in position, the balloon is inflated 
utilizing a pressure source to cause the balloon to engage and dilate the restriction, 
35 thus increasing its inside diameter and reestablishing acceptable blood flow 

therethrough. 

Although angioplasty procedures are typically initially successful, a 
25 significant number of vascular restrictions re^pear. The reappearance of a vascular 
restriction may be due to elastic recoil or reformation of the stenosis by smooth 
muscle cell prohferation (i.e., restenosis). To address this issue, treating physicians 
often utilize an intravascular stent to maintain the patency of the dilated restriction. A 
45 stent typically comprises a tubular structure that mechanically engages the interior 

30 wall of the vessel to maintain the inside diameter of the vessel after dilatation. The 
stent reduces the tendency of the vascular wall to elastically recoil after dilatation. 
Although some smooth muscle cell proliferation occurs around the stent to essentially 
embed the stent in the vascular wall, the gross dilated diameter is maintained. In this 
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manner, the stent maintains the patency of the dilated restriction thereby maintaining 
adequate blood flow therethrough. 

A number of stem delivery systems have been developed, typically comprising 
a balloon catheter having the stent mounted on the balloon. Such a deliver system 
5 may be utilized to deliver and deploy a balloon-expandable stent or a self-expanding 
stent. A self-expanding stent expands from its initial profile delivery diameter to its 
final deployed diameter by virtue of elastic forces contained in the stent structure. 
The balloon is then used to tack up or firmly engage the stent against the vessel wall. 
A balloon-expandable stent, by contrast, expands from its initial profile delivery 
10 diameter to its final deployed diameter by virtue of forces applied by the expandable 
balloon. 

With both types of delivery systems, the stent delivery catheter is positioned 
such that the balloon and the stent loaded thereon extend across the dilated restriction. 
Once in position, the stent is deployed by either pulling back a retaining sleeve as 

15 with a self-expanding stent or by inflating the balloon as with a balloon-expandable 
stem. In this manner, the stent is positioned across the dilated restriction to maintain 
adequate blood flow therethrough. 

Balloon-expandable stents have a tendency to migrate distally during 
deployment. The tendency of the balloon-expandable stent to migrate distally during 

20 dq)loyment is due in part to the non-uniform inflation of the balloon. In particular, as 
pressurized fluid enters the balloon, the proximal end of the balloon begins to expand 
first. As the proximal end of the balloon expands, a longitudinal force is applied to 
the stent in addition to a radial force. If the longitudinal force exceeds the factional 
force between the stent and the balloon surface, the stent will migrate distally. This 

25 may result in the stent being deployed in an undesirable location such as a position 
distal to the dilated restriction. Once the balloon-expandable stent has been deployed, 
it is difficult, if not impossible, to change its location. Accordingly, it is desirable to 
deploy the stent accurately by reducing the tendency of the balloon-expandable stent 
to migrate distally. 

30 Summary of the Invention 

The present invention overcomes these disadvantages by providing an 
intravascular balloon catheter that inflates the balloon more effectively, which is 
particularly useful for stent delivery. For example, the balloon catheter of the present 
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invention may be configured to inflate the balloon uniformly such thai a stent loaded 
on the balloon will not have a tendency to migrate during deployment. Alternatively, 
the balloon catheter of the present invention may be configured to initially inflate the 
distal end of the balloon to prevent distal migration. 

5 One embodiment of the present invention provides an intravascular balloon 

catheter that includes a catheter shaft and a balloon, wherein the proximal end of the 
balloon is connected to the distal end of the shaft. A tip is disposed in the interior of . 
the balloon with the proximal end of the tip extending from the distal end of the 
catheter shaft and the distal end of the lip connected to the distal end of the balloon. 

10 The tip includes a fluid path to facilitate the passage of inflation fluid from the 
inflation lumen to the interior of the balloon, and the tip may further include a guide 
wire lumen extending therethrough. The fluid path may be configured to inflate the 
balloon uniformly or to initially inflate the distal end of the balloon. The fluid path 
may be defined by channel(s) in the tip, groove(s) in the tip, or by utilizing a tip 

1 5 having a non-circular profile. 

Brief Description of the Drawings 
Figure I is a partially cross-sectioned side view of a distal portion of a prior 
art stent delivery catheter for delivering a balloon-expandable stent; 

Figure 2 A is a cross-sectional view taken along line 2-2 of Figure 1; 

20 Figure 2B is an alternative cross-sectional view taken along line 2-2 in Figure 

I; 

Figure 3 A is a cross-sectional view taken along line 3-3 in Figure 1, showing 
the balloon in an inflated state and the stent in an expanded deployed state; 

Figure 3B is a cross-sectional view taken along line 3-3 in Figure I showing 
25 the balloon in a collapsed and folded state and the stent in a collapsed delivery state; 

Figure 4 is a partially cross-sectioned side view of a distal portion of a balloon 
catheter in accordance with one embodiment of the present invention showing the. 
balloon in an inflated state and the stent in an expanded deployed state; 

Figure 5A is a cross-sectional view taken along line 5-5 in Figure 4 showing 
30 the balloon in a collapsed and folded state and the stent in a collapsed delivery state; 

Figure 5B is an altemative cross-sectional view taken along line 5-5 in Figure 
4 showing tlie balloon in a collapsed and folded state and the stent in a collapsed 
delivery state; 
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Figure 6 is a partially cross-sectioned side view of a distal portion of a balloon 
catheter in accordance with another embodiment of the present invention showing the 
balloon in an inflated state and the stent in an expanded deployed state; 

Figure 7A is a cross-sectional view taken along line 7-7 in Figure 6 showing 
5 the balloon in a collapsed and folded state and the stent in a collapsed delivery state; 

Figure 7B is an alternative cross-sectional view taken along line 7-7 in Figure 
6 showing the balloon in a collapsed and folded state and the stent in a collapsed 
delivery state; 

Figure 8 is a partially cross-sectioned side view of a distal portion of a balloon 
10 catheter in accordance with yet another embodiment of the present invention showing 
the balloon in an inflated state and the stent in an expanded deployed state; 

Figure 9A is a cross-sectional view taken along line 9-9 in Figure 8 showing 
the balloon in a collapsed and folded state and the stent in a collapsed delivery state; 

Figure 9B is an alternative cross-sectional view taken along line 9-9 in Figure 
25 15 8 showing the balloon in a collapsed and folded state and the stent in a collapsed 

delivery state; 

Figure 9C is another alternative cross-sectional view taken along line 9-9 in 
Figure 8 showing the balloon in a collapsed and folded state and the stent in a 
collapsed delivery state; 
20 Figure 9D is yet another alternative cross-sectional view taken along line 9-9 

in Figure 8 showing the balloon in a collapsed and folded state and the stent in a 
35 collapsed delivery state; 

Figure 10 is a partially cross-sectioned side view of a distal portion of a 
balloon catheter in accordance with yet another embodiment of die present invention 
2S showing the balloon in an inflated state and the stent in an expanded deployed state; 
and 

Figure 11 is a cross-sectional view taken along line 11-11 in Figure 10 
showing the balloon in a collapsed and folded state and the stent in a collapsed 
45 delivery state. 

30 Detailed Description 

The following detailed description should be read with reference to the 
drawings in which similar elements in different drawings are numbered the same. 
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The drawings, which are not necessarily to scale, depict selected preferred 
embodiments and are not intended to limit the scope or spirit of the invention. 

Figure 1 illustrates a partially cross-sectioned side view of a distal portion of a 
conventional over-the-wire (OTVV) type balloon catheter 10. Balloon catheter 10 may 
5 be may be advanced over a conventional guide wire 1 1 and used as a stent delivery 
catheter to deliver and deploy a stent 12 (shown in phantom cross-section) mounted 
on the balloon 14 (shown in cross-section). Balloon 14 includes a main body portion 
16, a proximal cone 18, a proximal waist 20, a distal cone 22, and a distal waist 24. 
The balloon 14 is mounted to the distal portion of the catheter shaft 26 and the distal 

10 tip tube 28. hi particular, the proximal waist 20 of the balloon 14 is connected to the 
distal end of the shaft 26, and the distal waist 24 of the balloon 14 is connected to the 
distal end of the tip tube 28. 

The shaft 26 may be a coaxial type shaft 26A or a multi-lumen type shaft 26B. 
A coaxial type shaft 26A is illustrated in Figure 2A, and a multi-lumen type shaft 26B 

15 is illustrated in Figure 2B. Figures 2A and 2B illustrate cross-sectional views taken 
along line 2-2 in Figure 1 . Coaxial type shaft 26A includes an outer lube 29 and an 
inner tube 30. The inner tube 30 defines a guide wire lumen 32 through which the 
guide wire 1 1 extends. The annular lumen 34 defined between the inner tube 30 and 
the outer mbe 29 is in fluid communication with the interior of the balloon 14 and 

20 functions as an inflation/deflation lumen. With this arrangement, pressurized fluid 
may be delivered fi-om the proximal end (not shown) of the catheter 10 to the balloon 
14 by way of the inflation lumen 34 to cause selective inflation and deflation of the 
balloon 14. The multi-lumen type shaft 26B may be formed by a single extrusion 
defining a guide wire lumen 36 and a pair of inflation lumens 38. The guide wire 

25 lumen 36 accommodates the guide wire 11 therein, and the inflation lumens 38 
facilitate inflation and deflation of the balloon 14. 

Regardless of whether a coaxial type shaft 26A or a multi-lumen type shaft 
26B is utilized, the balloon catheter 10 includes a distal tip tube 28 traversing the 
interior of the balloon 14, as illustrated in Figures I, 3 A, and 3B. Figure 3 A is a 

30 cross-sectional view taken along line 3-3 in Figure 1, particularly illustrating the 
balloon 14 in the inflated state and the stent 12 (shown in phantom) in a deployed 
state. Figure 3B is a cross-sectional view taken along line 3-3 in Figure 1, particularly 
showing the balloon 14 in a deflated state and the stent 12 (shown in phantom) in a 
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delivery state. As best seen in Figure 3B, when the balloon 14 is in a deflated and 
folded position and the stent 12 loaded thereon (e.g., by crimping), a relatively small 
gap 39 is defined between the tip tube 28 and the deflated balloon 14. The relatively 
small gap 39 imposes a significant resistance to the flow of inflation fluid to the distal 

5 end of the balloon 14. This causes the balloon 14 to initially inflate at the proximal 
end thereof. When the balloon 14 is inflated, the gap 39 is gradually enlarged from 
the proximal end to the distal end of the balloon 14. Thus, the relatively small gap 39 
prevents the uniform inflation of the balloon 14 and causes the balloon 14 to form a 
wedge shape during inflation. 

10 The wedge shape that is formed as pressurized fluid enters the balloon 14 

causes the balloon to exert a longitudinal force and a radial force against the stent 12. 
The radial force is desirable for deploying the stent 12, but the longitudinal force is 
undesirable, in particular, if the longitudinal force exceeds the frictional force 
between the stent 12 and the balloon 14 surface, the stent 12 will migrate distally. 

15 This may result in the stent 12 being deployed in an undesirable location such as a 
position distal to the dilated restriction. Once the balloon-expandable stent 12 has 
been deployed, it is difficult, if not impossible, to change its location. 

All embodiments of the present invention overcome this disadvantage by 
providing a fluid path from the proximal end of the balloon 14 to the distal end of the 

20 balloon 14, even when the balloon is in a deflated and folded state. By providing such 
a fluid path, the present invention allows the balloon 14 to be inflated uniformly such 
that a stent 12 loaded thereon will not have a tendency to migrate distally during 
deployment. Figures 4-11 illustrate various embodiments of the present invention that 
provide such a fluid path. For purposes of clarity, only the distal portion of each 

25 balloon catheter of the present invention is illustrated. Those skilled in the art will 
recognize that many variations may be adopted for the proximal portion of the 
catheters of the present invention without departing from the scope and spirit of the 
invention. Further, because the present invention is applicable to virtually all balloon 
catheters, but is particularly suitable for use in an OTW stent delivery catheter, the 

30 guide wire 1 1 and the stent 12 are shown in phantom in Figures 4-11. Those skilled 
in the art will recognize that the present invention may be implemented into any 
balloon catheter having a member traversing the interior of the balloon without 
departing from the scope or spirit of the present invention. In particular, although 
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described with specific reference to a balloon catheter stent delivery system, the 
present invention may be useful for other ^plications requiring uniform inflation of 
the balloon. 

Refer now to Figure 4. which illustrates balloon catheter 40 in accordance 
5 with one embodiment of the present invention. Except as described and illustrated 
herein, balloon catheter 40 is similar to balloon catheter 10. Balloon catheter 40 
includes a catheter shaft 42 which may be a coaxial type shaft or a multi-lumen type 
shaft as described previously. A tip tube 44 extends from the distal end of the shaft 
42 and may be connected thereto. In particular, if the shaft 42 is a multi-lumen 
10 extrusion, the tip tube 44 will typically be connected to the distal end of the shaft 42. 
If the shaft 42 is a coaxial type shaft comprising separate inner and outer tubes, the tip 
tube 44 will typically be connected to the inner tube. The proximal end of the balloon 
14 is connected to the distal end of the shaft 42, and the distal end of the balloon 14 is 
connected to the distal end of the tip tube 44. A stent 12 is mounted on the balloon 14 
25 15 in the conventional manner as by crimping. 

As best seen in Figures 5A and 5B, tip tube 44 includes a guide wire lumen 
extension 50 and an inflation lumen extension 52. In the first embodiment illustrated 
in Figure 5A, tip tube 44A utilizes one inflation lumen extension 52. A plurality of 
inflation lumen extensions 52 may be utilized in tip tube 44B, as illustrated in Figure 
20 SB. If a plurality of inflation lumen extensions 52 are utilized, a corresponding 
number of ports may be utilized. The inflation lumen cxtension(s) 52 are in fluid 
35 communication with the inflation lumen(s) 34, 38 of the shaft 42. Fluid 

communication may be established by a wide variety of means such as by providing 
connection tubes (not shown), by aUgning the inflation lumen extension(s) 52 with the 
25 distal end of the inflation lumen(s) 34, 38, or by providing a transition tube 46 (shown 
in phantom). For purposes of illustration only, the embodiments of Figures 4 and 6 
have been described with reference to transition tube 46. However, fluid 
communication between the inflation lumen extension(s) 52 and the inflation 
45 lumen(s) 34, 38 of the shaft 42 is preferably provided by alignment between the 

30 respective lumens. 

If a transition tube 46 is utilized, the transition tube 46 is connected to the 
distal end of the shaft 42 and the proximal end of the tip tube 44 to define a fluid 
connection therebetween. A proximal end of the transition tube 46 may be sealingly 
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connected between the distal end of the shaft 42 and the proximal waist 20 of the 
balloon 14. The distal end of the transition tube 46 may be sealingly connected to the 
exterior of the tip tube 44 distal of the inflation fluid entry port 48. The transition 
tube 46 provides a fluid path from the inflation lumen(s) 34, 38 of the shaft 42 to the 
5 inflation lumen extension(s) 52 of the tip tube 44. However, those skilled in the art 
will recognize that transition tube 46 is merely an example of a means for providing 
such a fluid path. 

^5 Inflation lumen extcnsion(s) 52 extend from the entry port 48, past the 

proximal exit port 56, to the distal exit port 54. Distal exit port 54 is slightly larger 
10 that proximal exit port 56 to compensate for the pressure drop along the length of the 
inflation lumen extension(s) 52 extending through the tip tube 44. By utilizing a 

20 

slightly larger distal exit port 54, an equal amount of inflation fluid exits through each 
exit port 54,56 to uniformly inflate the balloon 1 4. 

Pressurized inflation fluid exiting the distal end of the shaft 42 enters the 
25 15 proximal entry port 48 in the tip tube 44 and flows through the inflation lumen 

extension 52. As the inflation fluid flows through the lumen 52. inflation fluid exits 
through the distal exit port 54 and the proximal exit port 56, preferably in equal 
amounts. Inflation lumen extension 52, in combination with entry port 48 and exit 

30 

ports 54. 56 defines a fluid path that enables inflation fluid to flow to the distal end of 
20 the balloon as well as the proximal end of the balloon 14. With this arrangement, the 
balloon 14 may be inflated uniformly, thereby expanding the stent 12 in a uniform 
35 manner. Expanding the stent 12 in a uniform manner reduces the tendency of the 

stent to migrate distally. Accordingly, balloon catheter 40 of the present invention 
permits the precise delivery and deployment of stent 1 2. 
25 Refer now (o Figure 6, which illustrates a distal portion of balloon catheter 60 

40 

in accordance with another embodiment of the present invention. Except as described 
hereinafter, balloon catheter 60 is substantially the same as baUoon catheter 40. 
Balloon catheter 60 includes a catheter shaft 42 and a distal tip tube 64. The proximal 
45 end of the distal tip tube 64 extends from and may be connected to the distal end of 

30 shaft 42. The distal end of the tip tube 64 is connected to the distal end of the balloon 
14. Balloon 14 is connected at its proximal end to the distal end of the shaft 42. Tip 
tube 64 includes a proximal entry port 48 and a distal exit port 54. As compared to 

50 

the tip tube 44 illustrated in Figure 4, tip tube 64 does not include a proximal exit 
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port. Accordingly, pressurized inflation fluid exiling the distal end of the shaft 42 
enters the proximal entry port 48 and exits the dista] exit port 54. Inflation lumen 
extension 52, in combination with entry port 48 and exit port 54, defines a fluid path 
that enables inflation fluid to flow to the distal end of the balloon. With this 
5 arrangement, the distal end of the balloon inflates prior to the proximal end of the 
balloon 14. Inflating the distal end of the balloon 14 prior to the proximal end of the 
balloon 14 prevents the stent 12 from sliding off the distal end of the catheter 60. 
Accordingly, the stent 12 is held on the catheter 60 until the balloon 14 is deflated. 
This allows the stent 12 to be repositioned or retrieved prior to full ^d complete 
10 expansion. 

Figures 7A and 7B illustrate cross-sectional views taken along line 7-7 in 
Figure 6. Figure 7A illustrates a first embodiment of tip tube 64A having a single 
inflation lumen extension 52. Figure 7B illustrates a second embodiment of tip tube 
64B having a plurality of inflation lumen extensions 52. If a plurality of inflation 

15 lumen extensions 52 are utilized, a corresponding number of entry ports 48 and exits 
ports 54 may be used. 

Refer now to Figure 8, which illustrates a distal portion of balloon catheter 80 
in accordance with yet another embodiment of the present invention. Except as 
described hereinafter, balloon catheter 80 is substantially the same as balloon catheter 

20 40 illustrated in Figure 4. Balloon catheter 80 includes a distal tip tube 84 extending 
from and optionally connected to tlie distal end of the catheter shaft 42. Balloon 14 
has a proximal end connected to the distal end of the shaft 42 and a distal end 
connected to the distal end of the tip tube 84. In this embodiment, a transition tube is 
not necessary and tip tube 84 has a non-circular profile as best seen in Figures 9A-9D. 

25 Figures 9A-9D illustrate various alternate embodiments of the tip tube 84 

taken in cross-section along line 9-9 in Figure 8. Each of the non-circular profiles of 
the lip tube 84 create a pathway 86 between the exterior surface of the tip tube 84 and 
the interior surface of the folded balloon 14. Typically, when the balloon 14 is in a 
folded and a collapsed state and the stent 12 is loaded thereon, the balloon 14 and the 

30 stent 12 assume a generally circular profile. As such, any non-circular profile of the 
tip tube 84 will result in a pathway being defined along the non-circular portion of the 
tip tube 84 under the collapsed balloon 14. The pathway 86 may extend along the 
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entire length of the tip tube 84 or a portion thereof, depending on the desired position 
of the distal end of the pathway 86. 

Figure 9A illustrates a first embodiment of tip tube 84A having an oval 
outside profile and a corresponding oval inside profile to accommodate the guide wire 

5 11. The oval profile of the tip tube 84A resuhs in a pair of crescent- shaped lumens 86 
through which inflation fluid may pass. Lumens 86 define a pathway for the flow of 
inflation fluid from the proximal end of the balloon 14 to the distal end of the balloon 
14. Figure 9B illustrates an alternative tip tube 84B having an oval outside profile 
and a circular inside profile to accommodate the guide wire 11. Having a circular 

10 inside profile allows the wall of the tip tube 84B to be thicker along the apexes of the 
oval. The thicker wall along the apexes allows the tip tube 84B to better retain its 
oval profile. Generally, the shape or profile of the guide wire lumen extension may 
be modified as desired without departing from the spirit of the invention. 

As illustrated in Figure 9C. tip tube 84C has a generally triangular outside 

15 profile and a circular inside profile to accommodate the guide wire 1 1. The triangular 
profile of the tip tube 84C defines three longitudinal lumens 88 which defme a 
pathway for the flow of inflation fluid from the proximal end of the balloon 14 to the 
distal end of the balloon 14. Figure 9D illustrates tip tube 84D having a generally 
square outside profile and a generally circular inside profile. The square outside 

20 profile of the tip tube 84D defines four crescent-shaped longitudinal lumens 90 
extending along the length of the tip mbc 84D to permit the passage of inflation fluid 
from the proximal end of the balloon 1 4 to the distal end of the balloon 14. 

Refer now to Figure 10, which illustrates a distal portion of balloon catheter 
100 in accordance with yet another embodiment of the present invention. Balloon 

25 catheter 100 is substantially the same as balloon catheter 40 illustrated in Figure 4, 
except as described hereinafter. Balloon catheter 100 includes a tip tube 104 
extending from and optionally connected to the distal end of the catheter shaft 42. 
The proximal end of the balloon 14 is connected to the distal end of the catheter shaft 
42, and the distal end of the balloon 14 is connected to the distal end of the tip tube 

30 104. As with catheter 80 illustrated in Figure 8, catheter 100 does not require a 
Uransition tube between the distal end of the catheter shaft 42 and the proximal end of 
the tip tube 104. Tip tube 104 includes a plurality of longitudinal grooves 106 
extending along the length thereof. The grooves 106 extend from the distal end of the 
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catheter shaft 42 to the distal end of the balloon 14, or any point proximal thereof. 
The extent to which the grooves 106 extend from the distal end of the catheter shaft 
42 corresponds to the portion of the balloon 14 that inflates uniformly. 

Although a plurality of longitudinal grooves or channels are illustrated, any 
5 number of grooves may by utilized depending on the desired flow characteristics. 
Also, longitudinal, spiral, or other non-linear grooves may be used. Additionally, a 
variety of groove shapes may be used including U-shaped, square-shaped, 
^5 rectangular-shaped, or v-shaped grooves 106. The longitudinal grooves 106 may be 

fomied by extruding the tip lube 104 through an extrusion die having a similar profile, 
10 or by pulling an extruded tube through a reforming die having a similar profile. 
Further, a wide variety of grooves 106 dimensions may be used depending on the 
desired flow characteristics. For example, twelve or six square-shaped grooves 
having a depth of about 0.0045 or 0.008 inches respectively and a width of 
approximately lO*" of the circumference may be used. 
25 15 As best seen in Figure 1 1 , which is a cross-seclional view taken along line 1 1- 

1 1 in Figure 10, when the balloon 14 is folded about the tip tube 104 and the stent 12 
is loaded thereon, the channels or grooves 106 under the collapsed balloon define 
longitudinal pathways through which inflation fluid may pass. Grooves 106 permit 
the passage of inflation fluid from the proximal end of the balloon 14 to the distal end 
20 of the balloon 14, even if the balloon is folded in intimate contact with the lube 104. 

Several intravascular balloon catheters 40, 60, 80, and 100 of the present 
35 invention have been described that inflate the balloon 14 more effectively, which is 

particularly useful for stent 12 delivery. Each catheter 40, 60, 80, and 100 may be 
configured to inflate the balloon 14 uniformly such that a stent 12 loaded thereon will 
25 not have a tendency to migrate during deployment. Alternatively, the balloon 

40 

catheters 40, 60, 80, and 100 of the present invention may be configured to initially 
inflate the distal end of the balloon 14 to prevent distal migration. 

Those skilled in the art will recognize that the present invention may be 
^5 manifested in a wide variety of forms other than the specific embodiments 

30 contemplated and described herein. Accordingly, departures in form and detail may 
be made without departing from the scope and spirit of the present invention as 
described in the appended claims. 
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WHAT IS CLAIMED IS: 

1 . An intravascular balloon catheter, comprising: 

a catheter shaft having a proximal end, a distal end, and an inflation lumen 
extending therethrough; 

a balloon having a proximal end, a distal end, and an interior, the proximal end of 
the balloon connected to the distal end of the shaft; and 

a tip disposed in the interior of the balloon, the tip having a proximal end and a 
distal end, the proximal end of the tip extending from the distal end of the catheter shaft 
and the distal end of the tip connected to the distal end of the balloon, wherein the tip 
includes a fluid path to facilitate the passage of inflation fluid from the inflation lumen to 
the interior of the balloon. 

2. An intravascular balloon catheter as in claim 1, wherein the tip includes a 
guide wire lumen extending therethrough. 

3. An intravascular balloon catheter as in claim 1, wherein the fluid path 
facilitates the passage of inflation fluid from the inflation lumen to the interior of the 
balloon adjacent the distal end of the balloon. 

4. An intravascular balloon catheter as in claim 3, wherein the fluid path 
facilitates the passage of inflation fluid from the inflation lumen to the interior of the 
balloon adjacent both the proximal end and the distal end of the balloon. 

5. An intravascular balloon catheter as in claim 3, wherein the fluid path is 
defined by a channel in the tip. 

6. An intravascular balloon catheter as in claim 5, wherein the channel 
includes an entry port adjacent the proximal end of the tip and an exit port adjacent the 
distal end of the tip. 
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7. An intravascular balloon catheter as in claim 6, wherein the channel 
includes an entry port adjacent the proximal end of the tip, and a second exit port 
adjacent the distal end of the tip. 

8. An intravascular balloon catheter as in claim 3, wherein the fluid path is 
defined by a plurality of channels in the tip. 

9. An intravascular balloon catheter as in claim 3, wherein the tip has an 
exterior surface, and wherein the fluid path is defined between a groove on the exterior 
surface of the tip and the balloon when the balloon is in a collapsed state. 

10. An intravascular balloon catheter as in claim 3, wherein the tip has an 
exterior surface, and wherein the fluid path is defined between a plurality of grooves on 
the exterior surface of the tip and the balloon when the balloon is in a collapsed state. 

11. An intravascular balloon catheter as in claim 3, wherein the balloon has a 
substantially circular interior profile when the balloon is in a collapsed state, wherein the 
lip has a non-circular exterior profile, and wherein the fluid path is defined between the 
non-circular exterior profile of the tip and the circular interior profile of the balloon. 

12. An intravascular balloon catheter as in claim 11, wherein the tip has a 
substantially oval profile. 

13. An intravascular balloon catheter as in claim 11, wherein the tip has a 
substantially triangular profile. 

14. An intravascular balloon catheter as in claim 11, wherein the tip has a 
substantially square profile. 

1 5. A balloon catheter, comprising: 
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a catheter shaft having a proximal end. a distal end, and an inflation lumen 
extending therethrough; 

a balloon having a proximal end, a distal end, and an interior, the proximal end of 
the balloon connected to the distal end of the shaft; and 

a tip disposed in the interior of the balloon, the tip having a proximal end and a 
distal end, the proximal end of the tip extending from the distal end of the catheter shaft 
and the distal end of the tip connected to the distal end of the balloon, wherein the tip 
includes a means for facilitating the passage of inflation fluid from the inflation lumen to 
the interior of the balloon. 

16. A balloon catheter as in claim 15, wherein the passage means causes the 
balloon to initially inflate at the distal end thereof 

17. A balloon catlieter as in claim 15, wherein the passage means causes the 
balloon to inflate substantially unifomaly between the proximal and distal ends. 

18. A balloon catheter as in claim 17, wherein the passage means comprises a 
channel in the tip. 

19. A balloon catheter as in claim 17, wherein the passage means comprises a 
pliu'ality of channels in the tip. 

20. A balloon catheter as in claim 17, wherein the tip has an exterior surface, 
and wherein the passage means comprises the space defined between a groove on the 
exterior surface of the tip and the balloon when the balloon is in a collapsed state. 

21. A balloon catheter as in claim 17, wherein the tip has an exterior surface, 
and wherein the passage means comprises the space defined between a plurality of 
grooves on the exterior surface of the tip and the balloon when the balloon is in a 
collapsed state. 
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22. A balloon catheter as in claim 17, wherein the balloon has a substantially 
circular interior profile when the balloon is in a collapsed state, wherein the tip has a non- 
circular exterior profile, and wherein the passage means comprises the space defined 
between the non-circular exterior profile of the tip and the circular interior profile of the 
balloon. 

23. An intravascular balloon catheter as in claim 22, wherein the tip has a 
substantially oval profile. 

24. An intravascular balloon catheter as in claim 22, wherein the tip has a 
substantially triangular profile. 

25. An intravascular balloon catheter as in claim 22, wherein the tip has a 
substantially square profile. 

26. A balloon catheter, comprising: 

a catheter shaft having a proximal end, a distal end, and an inflation lumen 
extending therethrough; 

a balloon having a proximal end, a distal end, and an interior, the proximal end of 
the balloon connected to the distal end of the shaf^; and 

a tip disposed in the interior of the balloon, the tip having a proximal end and a 
distal end, the proximal end of the tip extending fi-om the distal end of the catheter shaft 
and the distal end of the tip connected to the distal end of the balloon, wherein the tip 
includes a means for causing the balloon to inflate substantially uniformly between the 
proximal and distal ends thereof 

27. A balloon catheter, comprising: 

a catheter shaft having a proximal end, a distal end, and an inflation lumen extending 
therethrough; 

a balloon having a proximal end, a distal end, and an interior, the proximal end of 

the balloon connected to the distal end of the shaft; and 
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a lip disposed in the interior of the balloon, the tip having a proximal end and a 
distal end, the proximal end of the tip extending from the distal end of the catheter shaft 
and the distal end of the tip connected to the distal end of the balloon, wherein the tip 
includes a means for causing the balloon to initially inflate at the distal end thereof. 
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